improved at one year, with the MCS reaching the population norm. The PCS, though improved, was still lower than normal, but was greater in the subgroup of patients who achieved a hematologic CR; the PCS normalized at two years in these patients. Thus, treatment of AL amyloidois patients with HDM/SCT produces measurable and sustained improvements in quality of life, particularly in those patients who achieve hematologic CR.
INTRODUCTION
AL amyloidosis is a clonal plasma cell dyscrasia in which fibrils composed of immunoglobulin light chains are deposited in tissues, leading to progressive organ failure and death. Current treatments employ chemotherapy to suppress or eliminate the clonal plasma cells that cause the disease. Early studies of treatment with oral melphalan and prednisone chemotherapy documented partial hematologic responses and modest effect on survival 1, 2 . Ten years ago, we and other centers began clinical trials of treatment with high dose melphalan chemotherapy supported by autologous stem cell transplantation (HDM/SCT). Pilot studies documented acceptable toxicity and remarkable hematologic responses 3, 4 . Other centers have replicated these results, although treatment related morbidity and mortality rates have varied, probably depending upon patient selection and experience of the clinicians [5] [6] [7] . These promising preliminary results have held up with longer follow up in larger groups of patients. We recently reported on 312 patients treated with HDM/SCT in whom the hematologic complete response (CR) rate was 40%, treatment-related mortality was 13%, and median survival was 4.6 years 8 .
Despite the selection bias for patients undergoing transplantation, a case control analysis has demonstrated a significant benefit of dose-intensive treatment 9 . In addition, HDM/SCT produces improvements in performance status and organ function that rarely occur with oral chemotherapy 8, 10 . Here we examine changes in health-related quality of life (QOL). QOL is an important endpoint after aggressive treatment such as HDM/SCT, as short and long-term treatment toxicities could negatively impact QOL and overshadow objective measures of disease response in terms of patient well-being and function.
For personal use only. on September 14, 2017 . by guest www.bloodjournal.org From One of the most widely used instruments to assess QOL is the Medical Outcomes Study 36-item Short Form General Health Survey (SF-36), a series of thirty-six questions that assess eight scales of health status that can be combined into composite scores to assess physical and mental health, the physical component summary (PCS) and mental component summary (MCS) 11 . These composite scores are standardized so that a score of 50 corresponds to the average for the US population, with a standard deviation (SD) of 10. A change of 2 to 3 units, i.e., 20 to 30% of the SD, is significant and corresponds with 10-year age cohort differences 11 .
The SF-36 has good reliability, validity, and responsiveness in a wide variety of diseases such as chronic obstructive pulmonary disease 12 , rheumatoid arthritis 13, 14 , or acute respiratory distress syndrome 15 , providing a valuable measure of physical, mental and social functioning. More specific instruments have been developed for assessing QOL changes in patients undergoing bone marrow or peripheral blood stem cell transplantation, such as the EORTC QLQ-C30 and the FACT-BMT 16 . However, since patients with AL amyloidosis can have symptoms related to cardiac disease, renal disease, liver disease, gastrointestinal disease, or involvement of soft tissues and joints, we considered it most appropriate to use an instrument that has been validated in a variety of diseases and patient populations. We sought to determine whether hematologic and clinical responses to treatment with HDM/SCT were accompanied by improvements in QOL measures, or whether the toxicity of dose intensive therapy would have a negative impact upon these parameters.
METHODS

Patient Population
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Quality of Life Analysis
To quantitate quality of life assessment, the Medical Outcomes Study 36-item Short Form General Health Survey (SF-36) was used. Thirty-six questions assess eight scales of health status: physical functioning (PF), role limitations due to physical problems (RP), bodily pain (BP), social functioning (SF), mental health (MH), role limitations due to emotional problems (RE), vitality (VT), and general health (GH) [17] [18] [19] . A physical component summary (PCS) is derived primarily from PF, RP, BP, and GH and a mental component summary (MCS) is derived primarily from VT, SF, RE, and MH 11 . The summary scores are standardized so that a score of 50 corresponds to the average for the US population, with a standard deviation (SD) of 10.
Statistical Analysis
The clinical characteristics of patients completing a baseline SF-36 form were compared to those who did not do so using t-tests for continuous symmetrically distributed variables, the were compared via t-tests, Wilcoxon two-sample tests, chi-square and Mantel-Haenszel tests. In order to determine whether the QOL measures made contributions to survival that were independent of or equivalent to those made by clinical characteristics, stepwise proportional hazards regression, with the significance level for entry into and for staying in the model set at 5%, was used to identify clinical and health status factors related to survival from the beginning of treatment and past the first year of follow-up.
RESULTS
Characteristics of the Study Population
Of the 701 patients with AL amyloidosis evaluated at BMC during the period of study, 544 (78%) completed an initial SF-36 form within one month of evaluation. Patients completing forms were similar to those not completing them on almost all clinical and demographic characteristics, including age, sex, time from symptoms to evaluation and from symptoms to diagnosis, and type and number of organ system involvement ( Table 1 ). The groups differed only on performance status, with those completing an SF-36 form having slightly better SWOG performance scores than those who did not (39% vs 49% with score of 2 or higher, p= 0.027).
Among the 312 patients initiating treatment with HDM/SCT, 251 (80%) completed an SF-36
form. There were no statistically significant clinical or demographic differences between those who completed an initial SF-36 and those who did not ( Table 2) . We examined the impact of clinical characteristics upon QOL in these 251 patients by determining the association between them and the SF-36 composite scores, with associations judged as statistically significant if the P For personal use only. on September 14, 2017. by guest www.bloodjournal.org From value was <0.015 for the multiple characteristics examined. Clinical characteristics which were not negatively associated with QOL measures were age, gender, cardiac disease, and renal disease. Clinical characteristics that were most strongly associated with reduced PCS, in order of the strength of the association, were performance status, neuropathy, gastrointestinal and liver disease, and weight loss. Clinical characteristics associated with reduced MCS were neuropathy, weight loss, and performance status, but these associations were weaker than the impact of clinical characteristics upon PCS.
AL Amyloidosis Patients Have A Reduced QOL Compared With Age-Matched Controls
For the 544 patients who provided baseline SF-36 surveys, the mean PCS was 34.5 and the mean MCS was 45.0, compared with age-matched U.S. population norms of 46.8 and 51.5, respectively (P<0.001 for both differences). Mean AL amyloidosis patient scores were significantly lower than the norms on all eight scales, with differences ranging from as little as 6.5 units for bodily pain (BP) to as much as 45.9 units for role limitations due to physical problems (RP) (Fig. 1) . The scores for the 251 treated patients were compared with those of the 210 patients who were deemed ineligible for treatment with HDM/SCT because of poor performance status, inadequate organ function, age (for some protocols), or excessive prior chemotherapy. The patients deemed ineligible for treatment on these clinical grounds proved to have significantly lower SF-36 scores in this retrospective analysis (Fig. 1) .
SF-36 Scales as Well as Clinical Parameters Relate to Survival after Treatment
To determine the independent contribution of clinical characteristics and baseline SF-36 scores to survival after treatment with HDM/SCT, a stepwise statistical model was developed.
For personal use only. on September 14, 2017. by guest www.bloodjournal.org From
Page 9
The significance level for entry into and for staying in the model was set at 5%. The physical function score at baseline (PF) was the leading factor in predicting survival after HDM/SCT. Cardiac involvement, weight loss, and higher dose of melphalan also contributed to the model (Table 3) . Weight loss and cardiac involvement were associated with an increased risk of death, with hazard ratios of 1.90 and 2.14, while higher PF score and higher dose of melphalan in the HDM/SCT protocol was associated with improved survival, with hazard ratios of 0.90 per 10 units higher PF score and 0.56 for the higher doses of melphalan. Factors that did not make an independent contribution to survival were age, gender, gastrointestinal, kidney, or soft tissue involvement, neuropathy, performance status, and time from diagnosis to evaluation. These results demonstrate that the SF-36 provides information relevant to patient outcome.
SF-36 Scores Improve After Treatment With HDM/SCT
Of the 277 patients undergoing treatment with HDM/SCT, 57 died within one year of treatment and 39 patients had not reached a year post-treatment at the time this analysis was performed. Of 181 HDM/SCT patients who returned to BMC for one-year follow-up, 104 (57%) completed a second SF-36 within one month of that visit. We attributed the lower completion rate to logistical rather than clinical hurdles. To validate this hypothesis, we compared the patients who completed followup surveys to those who did not. The 104 patients who completed SF-36 surveys at the one year followup were indistinguishable from the 77 who did not with respect to 13 out of 14 clinical criteria of disease severity and treatment response (Table 4) , differing only in the number of organ systems improved at one year (although the hematological CR rate was not different in the two groups). Thus, the patients who completed the surveys appeared to be representative of the entire patient population at one year. Similarly, 138 patients For personal use only. on September 14, 2017. by guest www.bloodjournal.org From had reached two years from treatment and had returned for a followup visit at the time this analysis was performed, with 84 (61%) completing the third SF-36 survey.
Among patients completing followup surveys, the mean scores on the individual scales improved annually (Fig. 2) . One year after treatment, scales for social functioning (SF), mental health (MH), and role limitations due to emotional problems (RE) were indistinguishable from population norms. Two years after treatment, the mean score on the vitality scale (VT) was not statistically different from the norm. Mean scores on physical functioning (PF), role limitations due to physical problems (RP), and general health (GH) rose but remained below the norm. In terms of the composite scales, at baseline, as noted above, the PCS and MCS were 34.5 and 45.0 respectively. At one year, the PCS and MCS rose to 41.4 and 52.4, and at two years, they were 43.5 and 51.4.
QOL measures at followup were significantly higher for the subgroup of patients achieving a hematologic complete response (CR) than for those who did not. For the 41 patients who achieved a hematologic CR at one year, the means of all of the individual scales reached population norms one year after treatment (Fig. 3a) , except for general health (GH), which reached the norm at year two (36 evaluable patients). For the 63 patients who did not achieve a hematologic CR at the one year followup, only the scales for social functioning (SF), mental health (MH), and role limitations due to emotional problems (RE) reached population norms at one year (Fig. 3b) . All other scales at both one and two years (48 evaluable patients) remained below the norm, although some improvements were seen. Note that all hematologic responses reached maximal response before the one year followup; no patients were found to be in hematologic CR at two years but not at one year. For the patients in hematologic CR, the composite PCS was 43.3 at one year and 47.1 at two years, while the MCS was 52.9 at one year
and 50.6 at two years. For the patients not achieving hematologic CR, the PCS was 40.5 at one year and 40.6 at two years, and the MCS was 47.7 at one year and 52.1 at two years.
The positive results for the mean scores describe average changes in QOL measures, but could be due to dramatic improvement in a subgroup of responding patients averaged with patients with no improvement or worsening in QOL. To clarify this, we analyzed the percent of patients with significant positive and negative changes in the composite scores. Of 96 evaluable patients, 41% achieved an improvement of 5 points or more in PCS and 48% in MCS, while 22.9% experienced a worsening by 5 or more points in PCS and 12.5% in MCS. There were more patients improving in the group achieving hematologic CR compared with those who did not (51% vs. 33% for PCS, P=0.02 and 54% vs. 44% for MCS, P=0.46). At two years, the proportion of subjects with an improvement of at least 5 points in PCS was still 41% overall (63% in the CR group and 23% in the non-CR group P <0.001). For MCS the proportion improving was slightly lower, at 40% (46% in CR group and 35% in the non-CR group, P=0.878), although the means were at the level of population norms.
SF-36 Scores Can Potentially Contribute To Outcomes Prediction
To predict subsequent survival, a stepwise proportional hazards analysis was performed, including SF-36 scores measured at the time of the one-year follow-up, age, sex, dose of melphalan, performance status at one year, number of system improvements seen, and hematologic CR status. Two separate but essentially equivalent models were developed (Table   5 ). In the first model, only performance status at one year and number of organ systems improved affected survival. In the second model, the vitality (VT) scale was the sole contributor.
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Because of the high correlations between performance status and VT, they did not enter the same model.
DISCUSSION
AL amyloidosis is a progressive disease in which deposition of fibrillar immunoglobulin light chains in tissues leads to organ dysfunction and death. This occurs most frequently due to cardiac failure, but also to complications of renal failure, liver failure, gastrointestinal dysfunction and inanition, persistant pleural effusions, and coagulopathy-induced hemorrhage.
The morbidity of these complications of AL amyloidosis is reflected in significantly worse baseline health-related QOL measures, even in the good risk subgroup of patients deemed eligible for treatment with HDM/SCT. We found that the SF-36 self-assessment scores correlated with the clinical assessment of the patients (e.g. the correlation of PF with SWOG performance status) and with objective measures of organ disease. Those patients who were evaluated and found to be ineligible for treatment with HDM/SCT, proved to have lower QOL scores on all scales. In general, the QOL scales correlated well with the clinical features of the disease; the PCS was affected more than the MCS (for all 544 patients evaluated at baseline, the PCS was 12.3 units below age-matched U.S. population norms, and the MCS was only 6.5 units lower). Among the dimensions contributing to the PCS, bodily pain (BP) was the least affected, consistent with the observation that pain is not a salient feature of this disease, except for neuropathic pain in a subset of patients. In patients eligible for treatment with HDM/SCT, the clinical characteristics that had the greatest impact upon QOL measures were performance status, neuropathy, gastrointestinal and liver disease, and weight loss. Interestingly, cardiac disease impacts survival 8 but not QOL in this group, presumably because patients eligible for HDM/SCT The SF-36 scores were also useful in modeling factors related to survival after treatment (Table 3 ) and subsequent survival beyond the one year follow up (Table 5 ). For early post treatment survival, better PF scores and a higher dose of intravenous melphalan were significant positive factors, and weight loss and cardiac involvement were significant negative factors. The melphalan dosing was determined prospectively based upon treatment protocol and age, performance status, and cardiac function. Of factors evaluated one year after treatment related to better survival, SWOG performance status, number of organ systems that were improved, and VT were predictive in two independent models. Thus, SF-36 scales provide information that is relevant to clinical outcome. HDM/SCT is the first intervention demonstrated to produce a high rate of complete hematologic remissions, improvement in organ function, and prolonged survival for suitable AL amyloidosis patients. Here we demonstrate, using a quantitative and well-validated instrument, that this treatment can also improve QOL in nearly half of patients who survive one year from treatment. This outcome is consistent with many of these patients describing increases in performance status, improved ability to carry out activities of daily living, and ability to return to work. These improvements continue in the second year after treatment, particularly in patients who achieve hematologic CR, in whom both PCS and MCS achieve population norms. However, improvements are seen in the non-CR patients as well, substantiating our clinical observation that many patients have a partial response accompanied by stabilization of organ function. The stability of the SF-36 scores between years one and two is consistent with this observation. Not all treated patients completed followup surveys, and although those who did and those who did Followup surveys were obtained at one year after treatment from 104 patients (light gray triangles) and at two years from 84 patients (medium gray diamonds) and annual improvements were seen, with scores on individual scales approaching or equalling population norms. Those means that are significantly (P<0.05) below age-matched U.S. population norms are underlined.
The numerical mean scores and P values are provided in Supplemental Table 2 .
For personal use only. on September 14, 2017. by guest www.bloodjournal.org From , at one year after treatment (light gray triangles, n=41), and at two years after treatment (medium gray diamonds, n=36). Panel b, mean SF-36 scores for patients who did not achieve hematologic CR at baseline (dark gray squares, n=88), one year after treatment (light gray triangles, n=63), and two years after treatment (medium gray diamonds, n=48). As can be seen, patients who achieved a hematologic CR at one year progressively improved and equaled population norms at two years, while those patients who did not achieve hematologic CR improved from baseline to the one year followup evaluation, and that improvement was maintained but not exceeded over the second year after treatment. Those means that are significantly (P<0.05) below age-matched U.S. population norms are underlined. The numerical mean scores and P values are provided in Supplemental Tables 3a and 3b . For personal use only. on September 14, 2017. by guest www.bloodjournal.org From
